It is now clear that patients treated for renal failure by long-term himodialysis may develop a progressive disease of the skeleton that bears some resemblance to osteodystrophy in the untreated disease. A curious, and so far unexplained, feature of the bone disease appearing during heemodialysis is the fact that there are marked differences in its prevalence and radiological characteristics between different treatment centres .
In Newcastle upon Tyne regular hamodialysis was first used as a method of treatment for chronic renal failure in 1964. Since that time more than 200 patients have been started on this treatment. By 1967 it was obvious that bone disease was a frequent problem (Schorr 1968 ). Since then all patients have had regular sixmonthly or annual radiological surveys to assess the progress of the disease.
A few patients developed symptoms, sometimes with radiological changes, within one year and by the end of four years all had symptoms and most showed radiological changes. The main complaints have been of pain in the feet and around the anklesinitially on exercise but ultimately at restand also in the ribs and groins. There has usually been muscle weakness, and in the worst affected a proximal myopathy (Floyd et al. 1969) . The radiological changes have fallen into three categories: progressive rarefactionmost obvious in the hands; fractures or Looser zones; and changes of osteitis fibrosa.
The rarefaction is difficult to quantify and is probably best assessed subjectively. It can be recognized in twQ sites in the hands. First, in the juxta-articular region there is an increased radiolucency relative to the remaining bone which we call juxta-articular change. Secondly, in the shafts of the metacarpals and phalanges small foci of rarefaction appear with an exaggeration of the trabecular pattern; we call this medullary change. Table 1 shows that all patients have one or other kind of change by the end of two years' treatment. There is also a tendency for the thickness of the metacarpal cortex (Morgan et al. 1967) to decrease but this seems to be a less sensitive index than the subjective assessment, possibly due to the inherent difficulties of making this measurement (Adams et al. 1969) or due to this change appearing more slowly.
Fractures have been a common finding and in certain sites such as the pubic rami and scapula have been indistinguishable from Looser zones. They have been seen most frequently in ribs and 3 patients have fractured all their ribs leading to 477 13 gross deformity of the thorax. In the most severely affected patients fractures have been found in many bones but usually without significant displacement of the fragments. A characteristic finding has been persistence of the fracture line for long periodssometimes yearswithout evidence of healing other than poorly calcified callus. Several patients have had fractures in the femoral necks, usually leading to bilateral coxa vara deformity. In some the fragments have separated making surgical management necessary.
Mild changes of hyperparathyroidism were occasionally found with subperiosteal erosions in the phalanges but these changes have never been a dominant feature. Approximately 10% had some evidence of hyperparathyroidism at the start of treatment. Sclerosis in the subarticular regions, most frequently the metacarpal and femoral heads, has been a common feature after 3-4 years' htemodialysis, but sclerosis of the spine has been seen only rarely.
We think that the changes in Newcastle upon Tyne are predominantly due to osteomalacia and osteoporosis. Hyperparathyroidism, although present to some extent, appears to be less important (O'Riordan et al. 1970) . Histological studies support this belief (Ellis & Peart 1971) . In other centres, however, this is not the case (Johnson et al. 1967 , Curtis et al. 1969 , Cohen et al. 1970 ; we have confirmed this in a detailed comparison between the radiological changes found in Birmingham and in Newcastle upon Tyne . In Birmingham fractures are rare, bone symptoms are less frequent and the most severely affected patients have got the classical changes of hyperparathyroidism.
To date no satisfactory explanation for the disease has emerged. We think the possibilities of simple vitamin D deficiency, inadequate dialysis in terms of hours dialysed or the contents of the dialysis fluid, dietary calcium deficiency and fluoride or cadmium intoxication have been excluded. The only possible clue lies in the observation that severely affected patients may respond dramatically to dialysis with fluid made from distilled or deionized water suggesting that there is some unrecognized factor in tap water responsible for the bone disease Immigrants from India and Pakistan are prone to develop rickets or osteomalacia after arrival in the United Kingdom (Dunnigan et al. 1962 , Arneil & Crosbie 1963 , Swan & Cooke 1971 and the condition is endemic in certain parts of northern India (Vaishnava & Rizvi 1967 . In most instances the disorder is probably due to inadequate intake of vitamin D or a failure of formation of cholecalciferol from 7-dehydrocholesterol in the skin because of a combination of lack of sunlight and racial pigmentation. Some patients may have a resistance to the action of vitamin D (Swan & Cooke 1971).
Patients
Sixteen Asian patients with osteomalacia and 18 of their blood relatives have been investigated. One patient (male, aged 47) was found to have osteomalacia secondary to chronic renal insufficiency and is excluded from further consideration. In the remaining 15 patients (7 males and 8 females) the disorder was presumed to be due to nutritional deficiency of vitamin D. Ages ranged from 11 to 42 years with a mean of 28 years for females and 20 years for males. Eight patients were Hindu (6 Sikh) and 7 Moslem. Seven had emigrated from the Punjab and 4 from West Pakistan. Another was from East Africa and the country of origin of the remainder was not established. All had been in the United Kingdom for at least a year and one for 13 years (mean 4-5
